Recent advances in direct-current technique, especially the advantages of ionization with such drugs as histamine.
In consequence, the Department has an atmosphere of hope, and of happy and intelligent collaboration of the assistant staff, the patients, and the medical and surgical staff of the Hospital.
It will simplify the process of tracing progress in apparatus and its uses, if I use as my framework the equipment of the Royal Free Hospital in 1910. The inventory for 1910 is doubtless poor, even at that time, as compared to some other hospitals, but it is so typical of an average equipment that I make no excuse for using it as my base line.
As you will see, in this list are represented: (1) Galvanism; (2) faradism; (3) high frequency by a primitive form of apparatus, and (4) heat by a single radiant-heat cradle, but neither static apparatus nor ultra-violet light, already in use in America and on the Continent, are represented, still less the then recently introduced diathermy apparatus. Compare this with the equipment in 1920 and again in 1935. The Direct Cur-rent Galvanic treatment in 1910 was chiefly employed for ionization, interrupted stimulation of paralysed muscle and for its destructive effects on nmevi and warts. E. R. Morton, in his 1910 edition of "Essentials of Medical Electricity," draws attention, however, to the cataphoresis effects of direct current, and also to the associated analectrotonus and catalectrotonus and he says as a method of treatment its field of usefulness is continually widening and there is every prospect of its becoming a very important branch of therapeutics." He thus correctly envisaged this current's being employed as a decongestive, analgesic, and anti-spasmodic treatment, for strains, sprains, and fractures.
Its value as a routine in the early treatment of all injuries has recently begun to be recognized.
Another development which Morton foresaw was the introduction of complex chemical substances by means of ionization. Recently histamine ionization and ionization by mecholyl (abbreviation for acetyl-beta-methyl-cholin) has come into prominence, and I am definitely of opinion that the clinical results of histamine ionization, carefully carried out in selected cases of rheumatism (particularly those associated with the menopause) are better, more permanent, and safer than by hypodermic injection of this drug, and, indeed, in these cases ionization constitutes the treatment of choice.
There is no question that by ionization with histamine the general capillary circulation of the patient can be materially affected, to the point of blushing and sweating.' There is equally no question that the clinical effects of this drug are only produced via the skin by ionization with the anode, and that if the negative pad is placed over the histamine solution, these effects do not occur, nor do they occur by mere application without a current.
When this knowledge of histamine and adrenalin ionization is considered together with the recent work of Sir Henry Dale, and his colleagues, on the secretion of acetyl-choline by nerves after appropriate electrical stimulation, it becomes clear that electricity and the chemistry of the nervous system are being linked together. These are significant facts. It should be possible by following up Dale's work to produce other clinical results of value in the treatment of disease. It is certainly a line of research that we as electro-therapeutists must pursue.
Faradic and Allied Currents I now come to the faradic current and the various modifications that have been introduced during the last quarter of a century. On August 2, 1910, Bergoni6 presented at the Congress of Toulouse his now world-famous apparatus (Arch. d'6lect. mild., 1910, 18, 679) . Sbortly afterwards modifications in the construction of faradic apparatus were introduced by the insertion of condensers, and by alterations in the position and relation of primary and secondary coils, that gave a far more comfortable current than older types of faradic apparatus. These advances in apparatus have stood the test of time, and it is only quite recently that Sir Morton Smart has introduced further improvements in his original apparatus. The essential feature of this most recent modification is a mercury contact-breaker, designed to give in the patient's circuit strong but painless muscular contractions.
The rhythmic myotroph and the rotosurge or tonisator are merely modifications of the faradic currents of the Bergoni6, by the incorporation of good gramophone motors for surging the current in the secondary. Their introduction, as was that of the tonisator, was brought about by the expense, size, and weight of the 1 Dufay colour-process lantern slides of histamine and adrenalin ionization reactions (kindly prepared by Messrs. llford) were shown.
DEC.-PHYS. MED. 2 * Bergoni6 on the one hand, and the isolation of staff when the hand-surger had to be employed. Necessarily they cannot be as effective as when a skilled medical practitioner himself surges debilitated and injured muscles. However, they fill a useful purpose and as such are a definite advance.
The introduction of rectifiers and of valves as a result of wireless practice enables us to modify the alternating current, so as to give a smooth form of faradic effect. The most recent of all these is what is known as the grid-glow tube. This is a vacuum tube similar to the three-element radio-tube. There is, however, a difference in these tubes from the ordinary thermionic tube, as there is in them, in addition to the three electrodes, some mercury vapour whlich, being ionized, allows conduction of the current at all times. As Kovacs points out in the second edition of his excellent book, " a combination of the tubes can be made to produce a series of 120 even voltage impulses per second, the physiological effect of which is the same as that of the regular Faradic current." These impulses can be controlled in intensity and also surged in a wave form at any desired rate and interval. This wave current appears to be smoother than that obtainable from other sources. [Slides of the various apparatuses associated with the faradic current were shown.] Fig. 1 shows an oscillographic tracing of a faradic coil of the old type, and it is surprising to see in this that the alterations in voltage are all to one side of the zero line, and have only one real voltage kick. Fig. 2 shows the Morton-Smart, or Bristow, coil current with its dying train of multiple volta.ge peaks, equally disposed on either side of the zero line. You will observe the similarity of this record to the conventional diagram of a spark-gap diathermy. Fig. 3 shows a metal rectified alternating current to give impulses at the same frequency approximately as the other twvo. The rise and fall of the voltage peak is very different from that of the Bristow coil, but it is equally capable of contracting muscles, though it is definitely more painful. surprising that this current form should be stated to be more comfortable than the old Smart-Bristow current. The frequency is, in this tracing, 77 cycles per second.
I think you will agree, after seeing these tracings, that the physiological effect on muscles of these currents must be different. This leads one to hope that by utilizing these new and exact methods of ascertaining current form in association with clinical material, our knowledge of muscular response to stimulation may be increased. Anyway such tracings should be demanded by practitioners before faradic apparatus is purchased in the future.
Heat and Electropyrexia
The only other apparatus represented in 1910 in the Electrical Department of the Royal Free was a radiant-heat cradle, which was remarkably little different from the majority of radiant-heat cradles seen to-day in many hospitals, not only in the electrical departments, but for use in combating shock. In recent years our established knowledge of the electro-magnetic scale has brought to the front interest in infra-red radiation, and there has been a strong tendency to replace treatments in which light and heat are combined, by treatment with materials which radiate heat unaccompanied by any visible light. In consequence, electrical blankets and pads, with endless claims, have made their appearance on the market. I have long been interested in the clinical effects produced by sweating patients with various forms of heat-radiant heat, infra-red rays, diathermy, short-wave diathermy, inductothermy, Wilde's baths, and even paraffin wax. It is natural, therefore, that I have followed the work in fever therapy from its inception. Quite recently my interest in the clinical effects of radiant-heat baths was reawakened owing to the difficulty of obtaining for the London County Council a radiant-heat shock cradle that was light, portable, safe from shock, robust, and efficient in work. When, after much trouble, the chief engineer of the L.C.C. designed an apparatus that appeared suitable, it was submitted to the physicists of the new Post-Graduate Hospital for comparative tests with the old or existing type of radiant-heat bath. These tests appeared at first sight to indicate that the old bath was more efficient in developing heat than the new. I pointed out that these tests were made with the radiant-heat cradle over a bed without a patient in it, and that such tests were clinically valueless. It was not found possible to repeat these tests under clinical conditions at this hospital, so I undertook to repeat them under clinical conditions at the Royal Free. Some extremely interesting results have emerged which raise the question of what is the most efficient method of treating a patient either for shock or to induce sweatiDg and hyperpyrexia. Theyalso show how necessary it is to link up the physical and physiological work closely with clinical observation. I make no excuse for going into this question in some detail, as it has a wide bearing on many aspects of medicine. My investigations are primitive and elementary when compared to the work done in this field in America, but they constitute a beginning, and will, I hope, help you to a choice of method and apparatus. My experiments were essentially with varying types of apparatus, and they make no attempt to assess the effect of pyrexia or hyperpyrexia in various ailments.
The experimental condi,jions wpre maintained as nearly parallel as possible. The apparatus investigated wasNWThe old type radiant-heat cradle, the new L.C.C. model radiant-heat bath' or shock cradle, the infra-red tunnel of the British Red Cross Society, an electric blanket, diathermy short-wave apparatus of two types, Inductotherm and Wilde's pyretic baths. The new L.C.C. radiant heat bath has a battery of twelve lamps which can be brought into use by a number of switches, so that either four, six, ten or twelve lamps can be lighted. The lamps in this new model are of the strip type, and rated at eighty watts. In the old pattern of heat 6 176 cradle the heat is usually derived from ordinary carbon filament lamps of forty watts. An element that we, at the Red Cross Clinic, have found clinically efficient is one manufactured by Bastian, and consists of a self-insulated wire in a quartz tube.
The Bastian elements clinically produce better results than the others in rheumatism, as there is definitely less scorching feeling, less after-fatigue and a more pleasant form of sweating. But perhaps the most marked feature is its tendency to relieve peri-articular muscular spasm. Some workers prefer to derive their heat treatment from burners with a dull glow ; one such type is the carborundum covered filament. Many other types for producing dark heat or infra-red have been developed, one of which is the infra-red brick, with graphite resistances in slate and cement. Still another method is the so-called electrical blanket which, by developing heat in resistances, conveys it via the material to the patient.
I am satisfied, after long clinical observation, that the effects of treatment by light and heat or infra-red differ widely according to the " mixture," for want of a better word, of rays. That, for instance, the effects of a mixed source of:infra-red with energy from say 8,000 Angstrom units to 1,000,000 Angstrom units, is quite different from a source passing infra-red to the patient, concentrated chiefly over say 9,000 to 12,000 Angstrom units. I am also satisfied that the site of entry, the intensity of the beam and its duration produce different physiological effects, particularly in pathological conditions. I cannot put before you that sound experimental proof I should wish, but it is, however, another field of useful investigation between the clinician, the physiologist and the physicist for the future.
Reverting to the new L.C.C. radiant-heat cradle which, as a result of the clinical experience of many medical superintendents, in cases of shock, purposely incorporated radiant-heat elements rather than non-luminous heat, it will be of interest to compare some of the figures obtained. I will not trouble you with all the details of conditions; it is sufficient t-o say that these were made as nearly as possible standardized with regard to time of day, relation to meals, general ventilation, &c.
The temperature curves for the new and the old bath, as tested by the L.C.C., are shown on the first graph ( fig. 5 ). You will observe that, judging by these curves only, the old bath is apparently more efficient than the new, but you will remember that these figures were obtained with the cradle over a bed without a patient. Q)' v 3I
The first test of the new pattern of radiant heat bath to take place at the Royal Free Hospital was one conducted with a dummy on the bed, in place of the patient, and covered with a blanket, The bath was also covered with a blanket, and the above temperature curve was obtained ( fig. 6A ). Compare this with the curve obtained with a patient in the bath (fig. 6B ).
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The essential differences are, as you will see:
(1) That with the dummy the temperature inside the bath rose more rapidly, and reached a higher level'than it is possible to reach with a patient in the bath.
(2) That there are large differences of temperature over the surface of the dummy when readings are taken at different points. Differences of 620 F. after forty minutes are found in the same area that yielded only differences of 60 F. with a patient. This is not shown on the chart.
(3) That the inside termperature of the bath on the dummy surface reached no less than 2160 F. in forty minutes with all twelve lamps on, and was still rising when the experiment had to be broken off. (4) On the other hand with a patient in the bath the temperature, i.e. on top of the blanket, became stable at 1520 F., and the skin temperature under the blanket stabilized in thirty-five minutes at 1160F. This is powerful evidence of the large amount of energy absorbed and balanced by disposal, sweating, &c., and how the body brings conditions into equilibrium.
During an intensive treatment with the apparatus at full strength sweating began after twenty to twenty-five minutes. The pulse-rate, oral temperature, and blood-pressure varied as shQwn in fig. 7 .
It is clear from these curves and figures that a radiant-heat bath of this type (provided scorching is prevented by blanket covering) can rapidly produce sweating and rise of temperature with full power. It is equally clear that transferring this amount of energy to the patient at this high rate can be neither good for patients suffering from shock, nor safe for prolonged hyperpyrexia. Investigations were made, therefore, to ascertain the effects of a treatment in the cradle as long and intensive as could be borne in the cradle, and also of a much milder treatment, so adjusted as to alter the pulse, respiration and temperature as little as possible. Fig. 8 is a chart showing a five-hour treatment with the temperature of the bath taken close to the patient, but outside his protecting blanket, in comparison with the oral temperature of the patient. A number of interesting facts were brought out by these and similar tests, among which are the following:
(1) That once the heat-regulating mechanism of the body is altered, either by a kind of breakdown or readjustment on a new plane, very little energy is then required to maintain the general body temperature of the patient above normal. LONG (2) That all such treatments should not be started until at least two hours after a ligbt fluid meal, otberwise nausea and other distressing symptoms may occur.
(3) That toleration and comfort during the treatment are materially enhanced by getting the patient to drink large quantities of glucose and saline (10% glucose and 0 2% saline) flavoured with lemon.
You will notice that during the treatment the number of lamps in operation was varied frequently. These variatioins were determined by the condition and symptoms of the patient. Compare this with fig. 9 , which shows skin-temperature measurements with systolic and diastolic blood-pressure curves of a patient treated in a radiant-beat bath with six lamps only throughout. The patient's temperature, pulse-rate, and blood-pressure are not affected, while the skin temperature is slightly raised. The curve suggests that this amount of energy transferred to the patient is probably somewhere near the optimum for shock treatment, if we are correct in administering to shocked patients energy which, when increased, is capable of producing a majority of the signs and symptoms of the shock itself. This cannot be answered without further investigation. We can, however, lay it down that a cold, clammy, pulseless patient should not be submitted to the full energy of these new baths, and still less to baths of the old pattern, as is shown by the next chart ( fig. 10 ). If a radiant-heat bath of this type produces feelings of scorching and great discomfort in a patient whose heat-regulating mechanism is normal, it is obvious that the effects of a similar treatment on a patient with shock and a disorganized heat-regulating system might be serious.
I had hoped to make trials with the Kettering Cabinet used in America for hyperpyrexia, but one could not be made available in the time.
The pulse and temperature readings chart of a patient treated by an electrical blanket shows a steady even rise to 1020 F. in the mouth, in one hour with the skin temperature running parallel. Also blood-pressure, pulse, respiration were affected as little by this apparatus as by any employed. From this it would appear to provide an efficient and not uncomfortable Imethod of transferring heat energy to the patient.
Pyrexia with the B.R.C.S. pattern of infra-red bath was reasonably comfortable and safe, but oral temperature tended to rise above skin temperature, due to the deep penetration of this kind of infra-red ray.
The temperature readings with Wilde's bath are interesting, but this test had to be broken off at 45 minutes owing to patient's distress, partly occasioned ,by a continuous and steepish fall in the blood-pressure, especially the diastolic. At the time when the radiant -heat experiments were reaching their conclusion, Dr. Neymann of Chicago read his paper on hyperpyrexial treatments at a meeting of the Section of Therapeutics (Proceedings, 1935, 29, 151) . In this paper he pointed out that hyperpyrexia secured by high frequency currents gave better and safer clinical results than by any other means, particularly chemical or material. He emphasized that satisfactory hyperpyrexia treatment could be obtained by ordinary diathermy, by short-wave diathermy and inductothermy, and that he was finally satisfied that inductothermy gave him somewhat easier, safer and better clinical results than diathermy or short wave.
I can corroborate his statement that pyrexia can be produced by diathermy, for as long ago as 1930 I had made a series of observations on students treated with diathermy from both hands to both feet, on a couch covered with two blankets and PYREXIAL TRETMENr WITH OLD RADIANT HEAT BATH 12 lamps used to limit of patient's tolerance subjected to this current for an hour. In this case temperature, pulse, and respiration were all raised, andl sweating was profuse.
It therefore occurred to me that a few preliminary investigations with the short wave and with inductothermy carried out on much the same lines as the radiant-heat experiments would be interesting. A case similar in type to those in the previous experiments was chosen, and a spark-gap machine (Stanley Cox) was employed, and the largest pads supplied were put one under the lumbar region and the other above the abdomen. The patient was wrapped in three good blankets so folded and overlapping that between his skin and the electrodes came five thicknesses of blanket on all sides. The machine was run at the maximum.
It was recognized that this apparatus, which is comfortable and reliable in sinus and other similar treatments, had not enough output for true hyperpyrexial treatments, but I was anxious to see its limits, and the patient's clinical reaction.
It was only possible to reach 990 F. in the mouth after an hour.
A valve-operated short-wave apparatus (Watson's) with a similar rig-up of patient produced the same figures and the same sensations in the patient. This apparatus also was considered by the makers inadequate for hyperpyrexia work. The readings obtained by a treatment with so-called inductothermy show the rapid rise of the patient's temperature and other features valuable in pyrexial treatment. Fig. 11 gives an indication, in comparative formn, of the temperatures reached in one hour when using the various forms of apparatus.
The symptoms experienced by patients with these various methods are shown in the 
Light weight
The dangers of electro-pyrexial treatments may be set out as follows:
(1) Collapse of blood-pressure;
(2) restlessness, nausea and vomiting; (3) sudden rise in temperature above 1070 F., with death; (4) Burns, blisters, &c.
Precautions: (1) Drinks of glucose and 02% saline and lemon continuously;
(2) Good and constant nursing and switching off at 1050F.; (3) Safeguards for absorbing excess sweat and protecting bony pressure points; (4) All cases kept in for twenty-four hours.
In regard to the differences between diathermy, short-wave and inductothermy, clinical protagonists and interested manufacturer's agents have beset me with-" great argument about it and about," but I must admit that I " evermore came out by that same door as in I went." The only real proofs of the value of these several apparatuses are the clinical results. If we do not get carried away, on the one hand by over-optimism, or by narrow-minded prejudices on the other, then the ultimate position taken in the therapeutical field of any new apparatus will be reasonable. These are too early days for me to make any strong statement, but I think it will repay us, as electrotherapeutists, to watch the clinical applications and results of inductothermy. I prophesy that they will be interesting, and confirm Dr. Neymann's opinion that inductothermy gives better results than short wave.
It is, however, quite clear from the curves I have shown that it is possible with heat-cradles little different from types that have been in existence many years, or with the latest type of short-wave apparatus, to influence the heat-regulating mechanism of the body.
In America experiments in hyperpyrexia have gone much further than ours in this country, as regards field of application, duration of treatment, and height of pyrexia.
It is difficult, owing to somewhat wide divergences of opinions and results, to summarize American experience helpfully. It is, however, possible to gather from papers read at the Conference on Fever Therapy held in Dayton, Ohio, in May of this year that hyperpyrexia is particularly beneficial in all stages of gonorrhcea, asthma, and neuritis and, to a less extent, in neurosyphilis.
During the course of my investigations, white-blood-cell counts were made and corrected for possible errors arising from dehydration, by making the counts proportional to the initial red-cell count. These counts tended to show a very definite fall from just before to immediately after the treatment, and a greater fall than that shown by counts taken from a number of students at the same time, the recovery to the original figure, or even to a leucocytosis, occurring quite soon after treatment. The Americans, however, show a great increase in leucocytes during a full pyrexial treatment at 1050 F. to 1070 F., but they do not mention that they have taken any steps to make allowance for dehydration due to sweating. It is obviously better if one wants to know, as one does, whether the number of leucocytes in the blood-stream is being augmented or diminished, to count the leucocytes present, i.e. associated with a given number of red cells, than to count the number present in a given volume of fluid which has undoubtedly been concentrated.
Light therapy
My final section for comparison is that of ultra-violet light and its modifications. Long before the period with which we are dealing, a Finsen Light had been installed at the London Hospital, and by 1910 the Finsen-Reyn modification had been introduced. This modification has held the field until quite recently, when Dr. Lomholt has introduced further changes, materially easing the administering of a treatment and diminishing the time of application. The immobilization of an assistant is now done away with, as the apparatus can be applied directly to the patients and left in position during the course of the treatment.
The essential differences between the new Finsen Lomholt and the Finsen Reyn are the incorporation of coloured filters composed of solutions of copper sulphate and cobalt sulphate. By doing this a mixture of rays is obtained containing only about 25% non-ultra-violet light, and without weakening the ultra-violet emission by more than 20%. With this mixture of rays approximately three times as much ultra-violet light may be given as is possible without the use of colour filters, and without causing the patients pain. The therapeutic effect of treatment has also been improved by using nickel cored carbons. This apparatus marks, I think, a great advatce in lupus treatment, and it should certainly be tried in cases in which the glandular system is chronically swollen and inflamed, quite apart from tuberculoug inflammation.
Other recent advances in the therapeutic field of ultra-violet light have been made by Eidinow, employing photo-sensitive media to enhance the action of the ultra-violet light. These he finds particularly useful in the treatment of chronic varicose ulcers.
Huljinsky, by ionizing irritable parts with silver nitrate, and then exposing them to ultra-violet light from the mercury vapour lamp until they become black, has made it possible for us to allay the torment of pruritus vulvme and ani. Burns, irradiated with mercury vapour lamps through a film of paraffin, or, even better, radiostol in liquid paraffin, are rapidly relieved of pain, skinning-over is accelerated and tendency to sepsis is diminished. These are all useful advances, but far more important than these are the clinical effects that can be produced by local applications of the Kromayer lamp. This water-cooled mercury vapour lamp, originally designed for the treatment of lupus and allied ailments, has now a wide field of utility in abdominal conditions such as dysmenorrhaea, post-operative pain, and even in cholecystitis-also in bursitis and some of the conditions in which there is evidence of inadequate lymph drainage.
In conclusion, I think you will agree that the field of possible development in electro-therapy is far from worked out, and that all it needs is good young blood and support and encouragement from the old branches.
Demonstration of a Ray in a Kromayer Water-cooled Lamp present when Visible Light and Ultra-violet Light are Filtered off.
The President then gave a demonstration of the instantaneous passage of an infra-red ray through muscle-tissue, using a photo-electric cell in conjunction with the Cossor-Robertson cardiograph, as shown in fig He also demonstrated that a Kromayer lamp with an ultra-violet and visible light filter attached (i.e. one permitting only infra-red rays to pass) could, despite the presence of a circulating water-jacket cutting off all rays from about 11,000 Angstrom Units, produce a powerful ray capable of passing through several centimetres of muscle tissue, as shown by a full deflection on the cardiograph. The President said that he considered the demonstration of this additional ray in the Kromayer lamp to be of great therapeutic importance and to require further investigation.
